A clerodane diterpene (plaunol A) and three flavonoids (vitexin; luteolin-7-O--D-glucoside and luteolin-4-O-glucoside) were isolated from stems and leaves of Croton stellatoliosus Ohba, using series of chromatographic techniques. Evaluation for anti-inflammatory activity in LPS-induced RAW264.7 cells revealed that, only plaunol A exhibited the inhibitory activity on nitric oxide production with the IC 50 of 11.69 M. This was no cytotoxic effect to the cells at a concentration of 100 M, by MTT assay. Determination of mRNA levels by qRT-PCR, indicated that plaunol A suppressed the expressions of inducible nitric oxide synthase and cyclooxygenase-2 in lipopolysaccharide-induced RAW264.7 cells.
Plaunoi or Croton stellatopilosus Ohba (Euphorbiaceae), formerly called C. sublyratus Kurz, is a tropical plant that is widely distributed in Southeast Asia [1] . In Thai traditional medicine, it used for anthelmintic, skin diseases, tranquilizer and stomachic. Plaunoi is sometimes, used in combination with plauyai (C. oblongifolius Roxb.) [2, 3] . In searching of antiulcer agent in 1978, plaunotol-acyclic diterpene was first isolated from the stem of this plant [4a] and currently it is an active ingredient of Kelnac TM (Sankyo, Japan) for gastric cytoprotective agent [4a] . Several diterpenes have been reported in most recent times, including clerodane diterpenes-plaunol A, B [4b], C, D, E [4c] and plaunol F or plaunolide [4d], labdane diterpene: ent-13-hydroxy-13-epimanool, kaurane diterpene: ent-16,17-dihydroxy-kaurane [4e] and esters of hydroxyl-geranylgeraniol [4f] . Plaunol B, C, D and E have shown to inhibit gastric secretion in Shay rats, albeit less than plaunotol [4c] . Recently, plaunotol, plaunol E and F was shown to inhibit nitric oxide (NO) production by suppressing the expression of inducible nitric oxide synthase (iNOS) and cyclooxygenases (COX-1, COX-2) [5] .
Among diverse group of terpenoids, diterpenes have reported for anti-inflammatory activity. For instance, phorbol esters from C. tiglium exhibited anti-inflammatory activity by COX-1 and COX-2 inhibitions [6] . The methanol extract of C. urucurana bark exhibited anti-inflammatory and antinociceptive properties in mouse models [7] . Labdane diterpenes from C. laui showed the inhibition of NO production in RAW264.7 cells [8] . Besides, diterpenoid from C. membranaceus [9] as well as seco-entkaurenes from C. carasana also showed cytotoxic activity in human cancer cell lines [10] .
Hence, it is quite clear that plaunotol has property on anti-gastric ulcer and other diterpenes, probably, be developed for drug advancement. With an attempt to expand the utilization of C. stellatopilosus, the present study reported the isolation of plaunol A and three flavonoids, with explanation on their chemical structures. Evaluation of the inhibitory activity on NO production was investigated in bacterial lipopolysaccharide (LPS)-induced model of macrophage RAW264.7 cells.
Methanolic extracts from leaves and stems and fractionations with hexane, dichloromethane and ethyl acetate were prepared. Purification of ethyl acetate fraction from the leaves was performed on a diaion HP-20 column and size exclusion chromatography. Three flavonoids were obtained, including vitexin, luteolin-7-O--D-glucoside and luteolin-4-O-glucoside.
Structures of all compounds were confirmed by 1 H-and 13 C-NMR data, and further compared with previously reported [11] [12] [13] .
The dichloromethane fraction from the stems was subjected on the silica gel column. The fractions were pooled and re-crystallized, resulting an amorphous powder. Its structure was elucidated by means of spectroscopic methods, suggested to be a clerodane type diterpene namely plaunol A. A combination of one-dimensional such as 1 H, 13 C, DEPT experiments and two-dimensional such as COSY, HMQC and HMBC were carried out. C-18); 146.0 (C-8); 132.7 (C-4); 129.4 (C-13); 48.7 (C-9); 44.3 (C-5)), were assigned using HMBC spectrum. According to HMBC data, quaternary carbon C-5 is connected to C-4, C-6, C-10 and C-19, C-18 as a γ lactone carbonyl (δ c 169.4, C-18) connected to C-4 and C-6, C-8 connected to C-7, C-9 and C-17, C-4 connected to C-5 and γ lactone carbonyl on C-18, C-9 connected to C-10, C-11 and C-20, and C-20 connected to oxygenated function at C-12 and C-19. The relative configuration of plaunol A was measured for the optical rotation, and indicated to have α : -45.9 (c 0.1, acetone), which is in agreement with the previous report [4b].
Plaunol A and three flavonoids were assessed for inhibitory activity on NO production in the RAW264.7 cells, which was stimulated with lipopolysaccharide (LPS). Following the activity by Greiss reagent and the calculation for the % inhibition, the data revealed that only plaunol A exhibited the inhibition of NO production with the IC 50 of 11.69 M; whereas all three flavonoids, at tested concentrations, did not. Diterpenes from C. stellatopilosus have reported to exhibit the effect of inhibitory activity on NO productions [5] . Plaunotol, an acyclic diterpene had IC 50 of 3.41 M, while cyclic diterpenes plaunol E and plaunol F had IC 50 of 2.79 and 19.09 M, respectively. The comparison of the structure among the cyclic diterpenes and the IC 50 of the inhibitory activity on the NO production suggested that, plaunol A has the activity better than plaunol F and less than plaunol E [5] . Following the cell viability of the RAW264.7 cells with MTT assay, plaunol A did not have cytotoxicity.
Considering the inhibitory activity on NO production of three flavonoids at concentration of 100 M, none of effect on NO and cytotoxicity was observed. With similar model of LPS-induced macrophage RAW264.7 cells, the inhibition of NO production of vitexin and luteolin have been reported recently. Vitexin (apigenin 8-C-glycoside) has activity less than isovitexin (apigenin 6-Cglycoside). Isovitexin also inhibited TNF- secretion with IC 50 of 78.6 M, PGE 2 formation with IC 50 of 80 M and inducible nitric oxide synthase (iNOS) activity [14] . These results indicate that isovitexin showed rather weak activity. On the other hand, vitexin inhibits nitrite production significantly at high concentration (50 g/mL, equivalent to 115.7 M) [15] . It noted that vitexin effect on NO production had lesser activity than on plaunol A. Glycosylation of luteolin showed to have less inhibitory effect on NO production [16] . In the present study, luteolin-7-O--D-glucoside and luteolin-4-O-glucoside did not show any inhibition on the NO production, at 100 M.
The RAW264.7 cells were treated with plaunol A and cells were harvested. The relative expression of iNOS and COX-2 in plaunol A-treated cells were determined using qRT-PCR and expressed as Cq. An endogenous gene, GAPDH, was used to compare Cq and the LPS-induced group and used as calibrator. On the other hand, the % gene inhibition was also calculated using Cq data. The gene inhibitions of plaunol A on iNOS and COX-2 is summarized in Figure1. mRNA levels of genes (iNOS and COX-2) were measured, attributable to understanding the effect of plaunol A on an inflammation pathway in the RAW264.7 cells. In this study, the total RNA (20 ng) of the treated cells was used in the one-step qRT-PCR. As shown in Figure 1 , plaunol A at 3 M and 30 M significantly inhibited the iNOS expression about 80% and 77% and the COX-2 expression about 43% and 85%, respectively. Recently, diterpenes from C. stellatopilosus were isolated and the anti-inflammatory activity in the macrophage RAW264.7 cells was evaluated [5] . The present study clearly shows that plaunol A possesses the anti-inflammatory activity, by inhibiting both iNOS and COX-2 genes; resulting in the reduction of NO production. The effect of plaunol A on inflammatory pathway is similar to plaunol Stem powder (5 kg) was extracted in methanol, and fractionated to hexane, dichloromethane and ethyl acetate fractions using similar protocol as mentioned above. The residue (470 g) was mixed with 80% (v/v) methanol/H 2 O and partitioned with hexane, dichloromethane and ethyl acetate. These afforded the fractions including hexane fraction (72.4 g; 15.4% (w/w)), dichloromethane fraction (79 g, 16.8% (w/w)), ethyl acetate fraction (49.4 g, 10.5% (w/w)) and methanol fraction 265 g, 56.4% (w/w)), respectively. The dichloromethane fraction was further purified on the silica gel column chromatography (1237 cm). The column was isocratic eluted with dichloromethane: methanol; 95:5 (v/v). Plaunol A (12.9 mg, 0.016% (w/w)) was obtained after crystallization with a mixture of hexane and acetone.
Assay of nitric oxide inhibitory activity in RAW254.7 cells: Murine macrophage RAW264.7 cells (stored at -80°C) were inoculated and maintained in RPMI-1640 medium. Nitric oxide (NO) inhibitory activity was evaluated using a method described in [5] with slight modification. The RAW264.7 cells were cultured in the RPMI medium supplemented with 0.1% (w/v) sodium bicarbonate, 2 mM glutamine, 100 unit/mL penicillin G/100 g/mL streptomycin and 10% of fetal calf serum. Cells (110 5 cells/well) were cultured in 96-well plate at 37°C in a humidified atmosphere containing 5% of CO 2 for 1 h and then the medium was removed. Fresh medium (100 L) containing lipopolysaccharide (LPS; 50 g/mL) was added, following the test solutions (100 L) at various concentrations dissolved in DMSO. This includes 3, 10, 30 and 100 g/mL for the extracts and 3, 10, 30 and 100 M for pure compounds. The cells were incubated for 48 h. The supernatant was collected and applied for NO content determination. The treated cells with L-nitroarginine (NA) and caffeic acid phenethyl ester (CAPE) were used as positive controls. The NO production was determined by measuring the accumulation of nitrite using Greiss reaction [10] . The culture supernatant (100 L) of treated cells was removed, combined with Greiss reagent (100 L) in a 96-well plate and mixed. An OD at 570 nm was measured with a microplate reader (BioTek Instruments, Inc (Vermont, USA)). The % inhibition of NO was calculated, using the following equation. At 50% inhibition of NO production, sample concentration was expressed as an IC 50 , using non-linear regression analysis. The IC 50 values were determined graphically (n =4).
MTT assay: After the treatment of cells, the RAW264.7 cells viability was determined after removing the supernatant using MTT assay. The MTT solution (10 L) was added and incubated for 2 h at 37°C. After discarding the medium, isopropanol containing 0.04 N HCl (100 L) was added. An OD at 570 nm was measured with a microplate reader. The cell survival (%) was determined and compared to the control group. The OD of the sample that was less than 80% of that in the control group was judged to have cytotoxic effect.
Measurements of iNOS and COX-2 expressions:
The mRNA levels of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) were measured using qRT-PCR technique in relation with the mRNA levels of the endogenous gene, glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as described previously [5] . Three pairs of specific primers were designed using online program from Eurofin MWG operon. Properties of oligonucleotides were set for 45-55% of the GC content and about 58-60 °C of melting temperature (T m ). The list of primers is as follows:
iNOS F 5′-ACTTGGATCAGGAACCTGAA-3′; iNOS R, 5′-CCTTTTTTGCCCCATAGGAA-3′; COX-2 F, 5′-TCTACAACAACTCCATCCTCC-3′; COX-2 R, 5′-CAGCCATTTCCTTCTCTC-3′; GAPDH F, 5′-AAGCCCATCACCATCTTCC-3′; GAPDH R, 5′-TCCACAATGCCAAAGTTGTC-3′
The RAW264.7 cells (1.510 6 cells/well) were grown in RPMI medium and incubated at 37°C in 5%CO 2 for 1 h. The medium was removed and the fresh RPMI medium containing 750 L of LPS (50 g/mL) was added. Plaunol A at the concentrations of 3, 10, 30 M in DMSO (750 L) was added into the LPS-stimulated cells. The cells were further incubated for 20 h. Then, cells were washed with PBS and carefully scrapped out of the plate and transferred to the micro-centrifuged tubes. After washing with PBS, the cells were harvested and extracted for the total RNA using a Total RNA Mini Kit (Genaid, Taiwan). As described in the manufacturer's protocol, the cells were extracted with lysis buffer and purified on the spin column. After that, the total RNA was eluted by RNase-free water. The amount of the total RNA was estimated from an OD, at 260 nm. 802 Natural Product Communications Vol. 13 (7) 2018 Premprasert et al.
the total RNA. The volume was adjusted to 20 L with RNase free dH 2 O. The reaction mixture was performed in 96-well plate, using ABI Prism ® 7300 Real-Time PCR System for DNA amplification. The total RNA was first reverse-transcribed at 42°C for 5 min following 95°C for 10 s. Then, the target DNA was amplified for 40 cycles of 95°C for 5 s and 60°C for 31 s. The final step was dissociation protocol of 95°C for 15 s and 60°C for 1 min. The results of qRT-PCR were obtained as the recorded Cq of each treated group when the threshold line was set at 0.2. The Cq value was subtracted by GAPDH endogenous gene product and followed by calibrator (the LPS-induced group) for comparison (n = 3). This afforded the relative expression of each gene as Cq. 
Statistical analysis:
All means are presented as a mean ± standard error (SE). The data were analyzed using SPSS version 14.0 (SPSS Inc., Chicago, IL). The significance was analyzed using one-way ANOVA, followed by the Dunnett test. The critical levels for significance were set at P < 0.05.
